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cxsiellatro, Overview

« SXT Flight Mirror Assembly (FMA) has top level requirement for
Image Resolution of 15 arc-seconds (HPD)

— FMA Error Budget Includes Contributors for:
- As-built FMA (~12 arc-seconds HPD)
- FMA on-orbit errors
- Telescope errors
- Detector errors
- Co-add effects (4 satellites)
« OAP2 is second in a series of developmental SXT optical
pathfinders (see 5168-21, R. Petre et. Al.):

— Specified to have the same as-built image resolution as FMA
but for a single shell

— Plan to evaluate image resolution of OAP2 in x-ray test

— Gravity and thermal effects in the x-ray test could limit our
ability to demonstrate image resolution performance

— Will report on work done to evaluate these effects.
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 Thermal Pre-collimator

Primary and secondary optics modules

Reflection Grating Assembly

. Thermal Post-collimator
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U798 SXT Flight Mirror Assembly - Image Error Budget
X))

Confributors (HPD - arcsec) Romt Margin Allocations Rationale
RS Resolution 15.00 392 14 .45 4 zatellites, post-processed
= Co-add 4 satelites 1.00 Superposition of data using X-ray cenfoids
= On-0rhit Telescope - single satellite 1412 RS
» CCD pixelization error 0.4 0.5 groses pixek
« Grating resalution error .00 Eztimate
XM= Resolution 15.00 4 .85 1416 4 zatelltes, post-proceszed
Co-add 4 satelites 1.00 Superpostion of data using X-ray cenfoids
On-Crbit Telezcope - single satellite 1412 RES
= Calorimeter pixelization error 4.05 5 groEes pixels
= Telescope level effects 5.20 RES
- Image reconstruction errors (over okl 424 RS
- SXTiMelescope mounting strain 200 Eno. estimate hased on Chandra experience,
- SRTSE| wibration effects 200 Chandra experience Citern
- SXTE] mizalignment (off-gxis error) 1.00 Chandra experience.
- SHTME| focus ewar 0.20 Analesiz
= SXT FMA - on-orbit performance 1248 RES |
- SHT FMA launch shifts 2100 End. e=t. baged on Chandra,
- Thermal etrors 224 RSS
- Mlaterial stakility effects 1.00 Ezt. bazed on Chandra wirk
- SHT FMA as builk 1207 RSZ
-- Gravity release 1.50 FE& analysis using vertical a5y
-- Bonding =train .00 Eng. estimate, analyziz in process
-- Alignmernt errars (using CDA) 3.38 RES
-- Installation in housing 5.00 Es=t. bazed on OAP1 testing
-- Optical elements 9.90 Es=t. bazed on tech dev program

Requirement — 15 arc-seconds HPD

SPIE 5168-35 Page 4 Constellation-X




Budget for Optical Elements

Optical Elements - Budget Allocations
Error Term Allocation | Sensitivity | Allocation Units Definition
HPD HPD/Unit Unit

Optical Elements-Toatal 8.90
=ag 3.00 25.00 012 Hm Peak-*/alley
Axial Figure 8.07 3.84 236 arc-sec Rh= Slope errars
Foundness 0.75 0.15 5.00 Hrm Feak-alley
AAR 247 3.50 0.71 arc-sec Feak-Yalley
Circularity 0.28 0.03 9.90 Hrr See 224
Awerage Radius 0.00 0.00 +33.00 Hrr See 225
Cone Angle 0.00 0.00 +10.00 arc-sec See 2248

Tahle 1 — Optics Exrror Allocations

Largest contributor is Axial Figure
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1@( \ SXT OAP2 Image Error Prediction
&)

Contribirtors (HPD - arcsech EsfimateBiediction Rationale/Comments
Image Resolution — OAP2Z X-Ray Test 14.534 RZZ
®-Ray Test Errors 742 RZZ
Grawity Distortion .00
Test Equipment errars 1.00
Finite Source Distance 1.00
H-tay Sowrce spot size 2.00 1 mim spot
QAP2 Thermally Driven Errors 148 RS
Average Tempersture Offset 0.30 1 Degree C Temperature offzet
Epoxyiglass bi-layer effects 1.00 20um EPS01/A400pm glass, 1 Degree © Offset
Axial Gradient 00 0.5 degree endto-end gradient
Tranzverse Gadient 0.73 0.1 degree innerswall to outer wwall gradient
“ertical Gradient 0.75 0.5 degree top to hatom gradient
Material Stabilty effects 1.00 Estimate.
QAP2 A= Built 12.07 Analesiz
Grawvity relesse 1.50 FEA analysiz using vertical gsay
Bonding strain 3.00 Eng. estimate, analysis in process
Alignment errors (using COA) 3.38 RES
CDA Dynamic Accuracy 0.76
CDA Static Acouracy 1.68
Thermal Drift 2.00
Adiustment Accuracy 2.00
Inztallation in houszing 5.00 Ezt. bazed on OAP1 testing
Optical elements 9.a0 Ezt. bazed on tech devy procyam
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C5 @ SXT OAP2 Image Error Contributors

» Error contributors unique to testing OAP2 on the ground:
— X-ray test errors including large gravity error
— Thermally driven errors different from on-orbit thermal
« Analysis work performed to select best x-ray test orientation and
evaluate impacts of 1G on image resolution

« Analysis work done to evaluate OAP2 image resolution sensitivities
to thermal effects:
— Average temperature offset from assembly temperature
— Temperature gradients

 Thermal control system needed to limit these thermal impacts
 Planning done to evaluate these effects during x-ray testing

SPIE 5168-35 Page 7 Constellation-X




ke ﬂﬂ (i f(%

@Dﬁ@) OAP2 and OAP2 Finite Element Model

A '
OAP2 FEA Model —in x-ray test orientation

OAP2 is a single shell prototype
with Titanium housings.
Alignment using CDA at GSFC
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OAP2 Vertical Assembly

Gravity effects during vertical
assembly add

1.5 arc-seconds (HPD) —in
guadrature

OAP2 FEA Model — Assembly

OAP2 in vertical assembly Orientation

facility

SPIE 5168-35 Page 9 Constellation-X




Slope {arc-sec) for Edge Gravity Case
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OAP2 X-Ray Test Orientation:
* Two orientations evaluated
» “Edge” Configuration selected
based on performance

Gravity distortions are highly
localized towards optic edges,
allowing us to use a small aperture
in the center to eliminate these

Load Case Y HPD(50 Deg Aperture) effects
1G Vertical, baseline support 15 ™

1G On edge (baseline) 7.0 =

1Gflat Y 17.6

SPIE 5168-35 Page 10 Constellation-X




o
i e
e TSN
¢ R P o v 3 B
| spurtan ik 1E]
o
g I X
1 ]
ol
Full Image
1 L
o o o L]
..... i
w0 -
It
prisprivanibiciopsoi®
gertes P N
=0

i - 2 Degree Aperture
at Edge

&
s

SPIE 5168-35 Page 11

=~'- o Aperture HPD (arc-sec)
50 de: in center 7
- 2 deg: at edge 76
. Two Degree Aperture
ol | at 15 Degrees from 2 deg: 4 deg 36
Z Féae from edge
e o Py, 2 2 deg: 14 deg 11
_ e from edge
R pe—— 2 deg: in center <1
J_ s
|
i
_m:l 2 Degree Aperture In
Center
I
l

Constellation-X




A« OAP2 Thermal Contributors

« OAP2 has glass optics with a CTE of 7.2 ppm/degrees C

* Housing material (Ti) chosen to minimize Glass/housing CTE mismatch

(Tiis 9.5 ppm/degree C)

« OAP2is sensitive to both differences in average temperature and to

thermal gradients

HPD Tolerance Contribution
Sensitivity
Error Contributor Arc-sec/ Degree C HPD
degree C (Arc-seconds)
Thermal soak (per degree C) 0.3 1.0 0.3
Epoxy Bi-layer effects, per C 1.0 1.0 1.0
Axial Gradient (Z in Figure 5) 0.2 0.5 0.1
Transverse Gradient (Y in Figure 5) 7.3 0.1 0.73
(Ti bars join P & H Hsgs)
Vertical Gradient (X in Figure 5) 1.5 0.5 0.75
RSS 1.48
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@) OAP2 Thermal Control System

ljl'lI

 Thermal control system and motor driven aperture wheel to be
used in OAP2 x-ray testing.

« Evaluate thermal sensitivities by varying control set-points

« Evaluate gravity effects by scanning a small aperture over the
extent of the OAP2 aperture
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